A photonic-crystal-fiber (PCF) with heptagonal core and heptagonal cladding is presented here for dispersion compensation. Different optical properties for the suggested PCF are explored using finite-element-method (FEM). At 1550nm operational wavelength the proposed PCF demonstrates a large negative chromatic dispersion of −940ps/(nm-km). The dispersion variation is −441 to −1160ps/(nm-km) in the wavelength range of 1400 to 1700nm (300nm band). Moreover, it exhibits a very low confinement loss of about 10 −5 dB/km and low nonlinearity of 45W −1 km −1 at 1550nm wavelength. Considering the very high negative dispersion and low nonlinearity, the suggested PCF has promising properties for compensating chromatic dispersion in fiber-optic communication at near infrared range.
I. INTRODUCTION
AVELENGTHdivision multiplexed (WDM) and dense wavelength division multiplexed (DWDM) based fiberoptic transmission networks are widely used to transport high bit rate and ultra-high bit rate data [1] . In WDM systems, 40Gb/s bit rate is largely employed [2] . Moreover, data rate per channel of 100Gb/s and 400Gb/s have been realized in order to transport massive data over WDM and DWDM systems for long-haul transmission over optical fiber [3] . The optical fiber has mainly two linear impairments, namely, attenuation and dispersion, which are required to be mitigated essentially. Between the two, the chromatic dispersion is more detrimental and it imposes a considerable limitation as it broadens the optical pulses propagating through the fiber. When the demand for capacity increases, the increment of pulse rate decreases the pulse width which consequently further enhances the spectral broadening and drastically reduces the performance of the systems. Therefore, dispersion compensation is indispensable in fiber-optic communication.
Recently, photonic-crystal-fibers (PCFs) have earned a lot of interest due to their unique properties and potential applications. Their optical properties are easily engineered since they have various tunable design parameters [4] . These flexibilities of the PCFs make it suitable and potential to supersede SMFs and DCFs. There are other attractive properties that can be tailored from the PCFs such as improved birefringence, nonlinearity, effective area, small splice loss and bending loss etc. [5] .
The idea to use PCF in dispersion compensation was initially introduced by Birks et al. [6] . They proposed a PCF showing chromatic dispersion of −2×10 −3 ps/(nm-km) at 1550nm wavelength for compensating chromatic dispersion. Habib et al. proposed a PCF of dispersion −588ps/(nm-km) at 1550nm [7] . However, the confinement loss is 10 -1 dB/m which is very high. Haque et al. [8] proposed another design with chromatic dispersion of −790.12ps/(nm-km) and 10 −4 dB/km confinement loss at 1550nm wavelength. However, dispersion coefficient varies from −248 to −1069ps/(nm-km) around E to L bands. Hasan et al. [9] proposed a PCF with dispersion of −555.93ps/(nm-km) at the wavelength of 1550nm. Besides, dispersion co-efficient varies from −388 to −723ps/(nm-km) ranging from 1460 to 1625nm wavelength. A structure using 5 rings of air holes is proposed whose dispersion varies from −386.57 to −971.44ps/(nm-km) over 1400 nm to 1610nm wavelength [10] . The chromatic dispersion at 1550nm is −790.12ps/(nm-km). The obtained average dispersion in [11] is −138ps/(nm-km) from 980nm to 1580nm, however, again the design is complex and the confinement loss is also high. Mia et al. suggested a singlemode fiber of dispersion −698ps/(nm-km) [12] with a little variation over the wavelength range of 1440nm to 1600nm. Again the confinement loss is not satisfactory. Another designed structure [13] shows large dispersion coefficient of −242.22 to −762.6ps/(nm-km) at 1300 to 1650nm wavelength. However, the design is pretty complex and fabrication challenge. In this article, we propose a heptagonal core heptagonal cladding PCF for compensating dispersion. The proposed dispersion compensating PCF(DC-PCF) shows a negative dispersion of −940ps/(nm-km) at 1550 nm wavelength which is higher than that of recently reported literatures [7] - [11] . The dispersion variation is of −441 to −1160ps/(nm-km) in the wavelength range of 1400 to 1700nm (300nm bands). The RDS of the proposed DC-PCF is 0.0041nm −1 , which is very close to that of SMFs. Besides, the confinement loss is very low (around 10 −5 dB/km). The proposed DC-PCF operates on single-mode over whole band of interest. The transverse cross section of the proposed DC-PCF is demonstrated in Fig. 1 . Design is simple since the core and cladding formed with circular air-holes in a shape of heptagon. For the background material silica is used, which is much available. The proposed design consists of total nine air hole rings separated into two sectors, i.e. inner cladding and outer cladding. Inner cladding region is comprised of three air-hole rings with the pitch value of Ʌ1 = 0.781μm and the diameter of each hole is d1 = 0.631μm for the optimum case. For the outer cladding, there are 6 air-hole rings with the pitch Ʌ2 = 0.867μm and the hole diameter d2 = 0.80μm for achieving the optimum results. The air filling fraction in inner and outer cladding regions are chosen to be d1/Ʌ1=0.81 and d2/Ʌ2=0.92, respectively to achieve the optimum result. Fundamental mode field distribution and the effective refractive index of proposed DC-PCF are presented in Fig.  2 (a) and 2(b), respectively. Light is well confined in the core region since higher refractive index is achieved in the core region than the cladding which results in high negative value of dispersion. It is observed from the Fig. 2(b) that the effective refractive index is 1.28 at 1550nm wavelength. With the increase of wavelength, refractive index decreases indicating that confinement of power is at core increases at lower wavelengths.
III. MODEL
It is evident from Fig. 3 that the negative dispersion tends to increase with increasing wavelength. This is because the mode field becomes more confined with the increasing value of wavelength. At 1550nm, the negative chromatic dispersion is −940 ps/(nm-km) which reaches up to the maximum value of −1160 ps/(nm-km) at 1640nm wavelength. The residual dispersion can be minimized by keeping the dispersion slope of the DCF negative or zero. Fig. 4 shows that the proposed fiber exhibits a dispersion slope −3.881 ps/(nm 2 -km) at 1550nm wavelength. In Fig. 5 , the air-hole diameter, d1 is varied keeping other design parameters constant. The values of d1 are taken as 0.621, 0.631, 0.641µm and dispersion for these three d1 values at 1550nm are found as −890, −940 and −1000ps/(nm-km), respectively. The optimum parameters are selected as d1 = 0.631μm, d2 = 0.80µm, Ʌ1 = 0.781µm, and Ʌ2 = 0.867μm, since they produce RDS value of 0.0041nm −1 and chromatic dispersion of −940ps/(nm-km). Moreover, the confinement losses are 4.64×10 −6 , 1×10 −5 and 1.46×10 −5 dB/km, respectively.
The chromatic dispersion and the confinement loss of the proposed PCF as a function of wavelength with the different values of Ʌ1 are shown in the Fig. 6 . Ʌ1 is chosen as 0.779, 0.781 and 0.782µm while the dispersion is found −869, −940 and −1024ps/(nm-km), respectively at 1550nm. The calculated RDS values are 0.0040, 0.0041, 0.0043nm −1 , respectively at 1550nm wavelength, which are very close to the RDS of standard SMFs (0.0036 nm −1 ). Moreover, confinement loss is 6.14×10 −6 , 1×10 −5 and 1.28×10 −5 dB/km for the pitch of Ʌ1 = 0.779, 0.781 and 0.782µm, respectively. Effective area and nonlinearity of the proposed fiber are depicted in Fig. 7 for the optimum values of parameters d1, d2, Ʌ1 and Ʌ2. It is clear that effective area tends to increase with wavelength which results in lowering the nonlinearity coefficient. At 1550nm wavelength, the effective area is 2.6µm 2 and the nonlinear co-efficient is 45W −1 km −1 . The condition of operating a PCF at single mode is Veff≤ π. If V-parameter,Veff is greater than π, then higher order modes get associated with it. From Fig. 8 , it is evident that the obtained value for Veff is always smaller than π from 1400 nm to 1760 nm wavelength (360 nm band).
Finally, stack-and-draw technique and sol-gel technology have already been used to fabricate microstructure optical fibers with missing air holes. Both methods can be used to manufacture our proposed DC-PCF. However, stack-and-draw technique will be more convenient.
V. CONCLUSION
Heptagonal lattice structure DC-PCF is presented in this paper which demonstrates a very large chromatic dispersion of −940ps/(nm-km) at 1550nm wavelength. The proposed DC-PCF shows dispersion variation from −441 to −1160ps/(nmkm) covering the wavelength of 1400nm to 1700nm, a wide band (300nm) much suitable for WDM. The RDS of the suggested fiber is very closely matched with standard SMF. The proposed fiber demonstrates a very small confinement loss of 10 −5 dB/km at the wavelength of 1550nm. The suggested DC-PCF could be a suitable choice for broadband dispersion compensation in ultra-high speed WDM fiber-optic communication systems.
